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Abstract 



PURPOSE:To obtain.the small sized torch head usiable continuously for Ibng timiB by outer-fitting a coyer 
member to the nozzle cap which/holds and support the nozzle and by flowing the air into the gap provided 
between the cover member and nozzle cap. V 

CONSTITUTIONS plasma torch 1 provides a peripheral groove 1 0 and longitudinal groove 1 1 on.the outer 
peripheral face of a nozzle cap 2 to oppose, a small hole 13 to the longitudinal groove 12 df the jacket 9 of a . 
head assembly 7. The air is ascended along the longitudinal groove 12, passing through the air jet port 14. . 
around an electrode 6 when a. compressed air i$ fed to the pipe 8. for serving the electrification as well by fitting: 
the cap 2 to the jacket 9 ? and blown out of the small hole 13; This blownoiit air iflows down and out the gap . 
caused by the outer-fitting of the cover member 3 along the peripheral groove 10 and longitudinal groove 1 i to 
cool the cap 2/The continuous use for long time is thus enabled. : 
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SPECIFICATIONS 

1 Title of Invention 

Plasma Jet Torch 

2 Claims 

1. A plasma jet torch for an air-cooled mobile air plasma cutter consisting of a torch head 
assembly, a nozzle, and a nozzle cap. Its characteristic features are as follows. A gap 
provided between the said nozzle cap and a cover over the nozzle cap is used as the 
flow path of cooling portion of compressed air discharged from the said torch head 
assembly. 

2. The plasma jet torch described in Claim 1, in which the gap is created by recesses 
provided on the outer surface of the nozzle cap. 

3. The plasma jet torch described in Claim I, in which the gap is created by recesses 
provided on the inner surface of the cover. 

4. The plasma jet torch described in Claims 2 and 3, in which the recesses consist of at 
least one circumferential groove and multiple longitudinal grooves on the outer and/or 
the inner surfaces. 

3 Detailed Description of Invention 

(a) Technical Area of Invention . 

This invention pertains to the improvements of a plasma jet torch in an air plasma 
cutter. 
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(b) Existing Technology 

The plasma is a gas in a state ionized into electrons and ions, which results when a gas 
is heated to a high temperature. The plasma jet cutting is a cutting process in which'the 
plasma jet is injected on a work piece to cut it using the plasma's high temperature. 
The plasma jet torch used in this process is based on the principle as shown in Fig. 1 1, 
for example. The model shown in the figure generates arcs in the torch with a tungsten 
electrode as the negative electrode and supplies a working gas (argon, nitrogen, 
hydrogen, etc.) around the arc and discharge it from a nozzle (4). The current density 
can be increased by making the cross section of the arc small, and therefore a very high 
temperature (33000 C) can be obtained. This method can be used for electrically 
conductive work pieces, but has been widely used for cutting metals including 
aluminum and stainless steel. In the conventional plasma cutting, however, a gas such 
as argon must be used as the working gas, and the use of such gas requires careful 
maintenance and control as well as considerable skills for delicate adjustments in 
setting the gas pressure and the working current. 

To resolve such difficulties, a plasma cutter utilizing compressed air as the working 
gas was recently developed. That is, while such air plasma cutter is incapable of 
cutting thick (more than about 20 mm) pieces, it uses a common air compressor as the 
source of the working gas, making its handling much simpler. Therefore, it is 
particularly well suited for cutting thin stainless steel pieces for building hardwares and 
steel plates for automobiles because it yields the small cutting width, the reduced dross 
and little thermal contraction of work pieces. 

One of the characteristic features of the air plasma cutting process is its capability of 
sharp and precise cutting with a very small cutting width, thus minimizing the post 
cutting treatment Therefore, attempts have been made to construct the torch head, the 
tip of the nozzle in particular, as slender as possible so that the cutting operations can 
be made visually observing the cutting points. 

In addition, in the plasma cutting, the extremely hot plasma is generated and the torch 
head must be cooled. There are two types of systems for such cooling; the water- 
cooling type in which cooling water is circulated in the nozzle or the air-cooling type in 
which part of compressed air supplied as the working gas is used for cooling. 

The torch nozzle in a conventional air-cooled air plasma cutter is shown in Fig. 12(a). 
The nozzle (4) is to be cooled by the compressed air passing through multiple 
longitudinal notches (19) (Fig. 12(b)) provided along the circumference of the base 
(18) of the nozzle (4). 

(c) Problems To Be Resolved by Invention 

The air plasma cutter has various advantages as mentioned above. The conventional 
model with a small torch head described in the preceding paragraph, however, has 
such shortcomings that its continuous use for a long period of time is not allowed 
because its insufficient cooling effect causes an excessive burning of the torch nozzle. 
That is, the tip of the nozzle melts by the heat of high temperature plasma injection and 
the heat reflected from the work piece during cutting. The melting sometimes occurs 
not pnly in the nozzle itself but also in the nozzle cap protecting the nozzle, 

The pjasma jet orifice of the nozzle enlarges as its burning progresses and this 
enlargement almost always occurs eccentrically, resulting in the imprecise cutting due 



to the plasma injected at improper positions. 

When a water-cooling type is adopted to avoid such burning, a more complex 
assembly and a larger nozzle head are required. Even with an air-cooling type, a larger 
nozzle Head is necessary to increase the air flow, reducing the visibililty ancfthus the 
cutting precision as well as the operating efficiency. 

(d) Means for Resolving Problems 

The inventor of the present patent, after his long dedicated efforts, has successfully 
developed a plasma jet torch with a smaller torch head which withstands a long 
continuous use because of the forced cooling of the nozzle cap by using part of the 
compressed air supplied as the working gas. 

In other words, in the plasma jet torch of the present invention, a cover is added to the 
nozzle cap to protect and support the nozzle, and the cooling air passes through the 
gap provided between this cover and the nozzle cap. 

Note that, in the present specifications, the torch head assembly designates the part 
containing the electrode, including the connection to the power source of the plasma 
cutter main body and the piping for the compressed air. The shape of this part may be 
a straight type or a so-called L-type with the bent tip. This part is usually covered and 
equipped with a switch, and it is used as the handle for the mannual operations. It can, 
of course, be used with an automatic cutter. 

The nozzle cap designates the cover at the torch tip around the nozzle. The nozzle and 
the nozzle cap are generally two separate bodies, but even when they are made as one 
solid unit, its part surrounding the plasma jet nozzle is naturally regarded as the nozzle 
cap. 

The gap designates spaces formed between the nozzle cap and the cover recesses made 
on one or both of these parts or by inserting another part between them. The recesses 
include all non-protruding portions. 

(e) Effects 

This invention improved the cooling efficiency not only of the nozzle cap but also of 
the nozzle itself. 

(f) Embodiments of Invention 

The present invention is now explained in detail in reference to the drawings 
illustrating its embodiments. 

Figure 1 is an exploded view of a plasma jet torch assembly (1) of the present 
invention. 

The assembly consists of a nozzle cap (2), a cover (3), a nozzle (4), an insulator (5), 
an electrode (6), and a torch head assembly (7), The electrode (6) is inserted into the 
torch head assembly (7) and connected to the negative terminal of the plasma cutter 
main body (not shown). In the assembly of this embodiment, the piping (8) for 
compressed air is a) so used as the jead wj re to the electrode (6). Embodiments of this 
invention, however, are not limited to such assembly; the piping and th e lead wire 
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may be two separate parts. At any rate, it is desirable to place the electrode (6) at a 
position so that it is in direct contact with the cooling part of the compressed air. An 
insulator (5) is inserted between the electrode (6) and the nozzle (4), and the nozzle cap 

(2) is screw fitted over the outer cylinder (9) of the torch head assembly (7) to clamp 
the assembly. 

On the outer surface of the nozzle cap (2), multiple circumferential grooves and many 
longitudinal grooves (notches) (11) are provided. The longitudinal grooves (12) on 
the surface of the outer cylinder (9) of the torch head assembly (7) are arranged to 
match the small openings (13) in the nozzle cap (2). One end of the cylindrical cover 

(3) is narrowed in the form of part of a circular cone to prevent the diffusion of the 
compressed air from the small openings (13) and to discharge the air along surface of 
the nozzle cap (2) near its tip. 

The paths of the compressed air are indicated as the dashed lines in Fig. 2. The 
compressed air from the pipe (8) of the torch head assembly (7) passes the multiple air 
injection orifices (14) provided on the surface around the electrode (6) and is lead to 
the small openings (13) in the nozzle cap (3) via the longitudinal grooves (12) in the 
torch head assembly (7). The air is further lead to the circumferential grooves ( 10) and 
the longitudinal notches (11), and then is discharged along the outer surface of the 
nozzle cap (2). In other words, part of the air from the air injection orifices (14) 
moves upward through the longitudinal grooves (12) and is discharged from the small 
openings (13) in the nozzle cap (2). The nozzle cap (2) is cooled by the air flowing 
through the gaps created when the cover (3) is installed. The air flows out along the 
outer surface of the tip of the nozzle cap (2) because of the narrowed end of the cover 
(3). 

For cooling the surface of the nozzle (4), small amount of air flowing through the 
contact between the upper surface of the base ( 18) of the nozzle (4) and the inner 
surface of the end opening of the nozzle cap (2) is sufficient. To increase the flow, 
the notches (19) on the inner surface of the end opening of the nozzle cap (2), as 
shown in Fig. 3, may be used as the flow paths. The gap created by small 
protrusions (20) on the nozzle base (18), as shown in Fig. 4, may also be used as the 
air flow path. The small protrusions (20) may also be provided on the inner surface of 
the end opening of the nozzle cap (2) or on both of these surfaces. Therefore, for 
the purpose to supply the air to the nozzle (4), a conventional model such as illustrated 
in Fig. 12 may be used. To inject the air directly on the nozzle (4) for higher cooling 
efficiency, however, the nozzle cap with the notches (19) is preferred. On the other 
hand, the compressed air which is to become the plasma is lead to the arc generating 
zone at the tip of the electrode (6) through the air flow inlet orifices (15) provided on 
the outer surface of the insulator (5). The plasma generated there is injected from the 
nozzle (4) and cuts the work piece (W). The air flow paths to the arc generating zone 
may be provided at the joint between the insulator (5) and the nozzle (4), too, as 
illustrated in Fig. 5(a). Here the gap is created by providing the afore-mentioned small 
protrusions (20) on the surfaces in contact at the joint between the insulator (5) and the 
nozzle (4) (Fig. 5(b)). Alternatively, grooves or a ceramic with a larger particle size 
may used, or otherwise they may be installed at the joint with the nozzle (4) to provide 
paths for the air to flow in. 

The reason for the use of the multiple stage paths consisting of three circumferential 
grooves (10) and many longitudinal notches (U) on the outer surface of the nozzle cap 
(2) is to supply sufficient compressed air injected from the small openings (13) QP the 
outer surface of the nozzle cap (2) and, at the same tjme, to prevent an instant 
discharge of the air. the numbers and the shapes of the circumferential grooves (10) 
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and the longitudinal notches (11) are not limited to those of this embodiment. They 
have only to provide sufficient gaps between the nozzle cap (2) and the cover (3). 
A simple gap which allows an instant discharge of the air, however, has a low cooling 
effect, and tends to supply insufficient air to the plasma generating zone. Therefore, 
a model in which the air is spread sufficiently around the nozzle cap (2) first and then 
is discharged gradually is preferred, as illustrated in this embodiment. Since the 
protrusions which comprise the notches (1 1) function as fins for heat radiation, fine 
protrusions at as small an interval as possible are desirable. 

As shown in Fig. 6(a), the length (L) of the plasma injection orifice (16) of the nozzle 
(4) is increased to 3 mm from the conventional 2 mm and the pressure of compressed 
air is raised to 5 - 5.5 Kg/cm 2 from 3.5 Kg/cm 2 , further improving the cooling effect. 

More specifically, the proper plasma for cutting is not injected by simply increasing the 
length (L) of the plasma injection orifice (16) at the tip of the nozzle (4) where 
conventionaly most severe burning takes place, but this difficulty is resolved by 
raising the air pressure. In this invention, however, the length (L) of the injection 
orifice (16) is not limited to 3 mm; it may range from 2.5 mm to 5 mm. The diameter 
of the injection orifice (16) was conventionally about 0.8 mm. With this invention, 
satisfactory cutting can be obtained with an increased diameter ranging from 1 mm to 
3 mm. Although cutting can be done without difficulty with an orifice of diameter up 
to 5 mm, a diameter about 1 mm is preferred for better appearance of the cutting 
surfaces. For the inside of the injection orifice (16), a smooth surface in the form of a 
circular arc, as shown in Fig, 6(a), is preferred for the smooth arc injection, but a 
surface in the form of a circular cone, as shown in Fig. 6(b), may be used. 

The cover (3) may simply serve as a cover for preventing the diffusion of the air, but 
the longitudinal grooves (10) and the notches (1 1) may be made on its inner surface 
instead of on the outer surface of the nozzle cap, Sueh cover can be manufactured 
very easily at a low cost by injection molding of a material such as Duracon (?) or other 
heat resistant plastics. Longitudinal ridges may be made on its outer surface, as shown 
in Fig. 7, for the improved heat radiation and strength. The cover (3) may be 
manufactured as one solid unit with the torch head assmbly (7) or may be installed on 
the assembly with the nozzle cap (2) inserted between the cover (3) and the outer 
cylinder (9). In this embodiment, the air may be supplied from the end of cylindrical 
part of the nozzle cap (2) without making the small holes (13) on the nozzle cap (2). 

The shape of the torch head assembly (7) is not limited to that of the present 
embodiment; for example, the assembly shown in Fig. 8 maybe used, in which an 
air path is provided toward the base of the shorter electrode (6) for forced cooling 
concentrated on this part. 

The longitudinal grooves (12) in the torch head assembly (7) are not limited to those 
of the present embodiment; two or more grooves made on the surface of the outer 
cylinder (9) in the assembly may be used. Alternatively, the small openings (13) may 
be made on the nozzle cap (2) at the positions below the threaded joint with the outer 
cylinder (9) instead of making the longitudinal grooves ( 12). In this embodiment, the 
small openings (13) for air injection lie closer to the end of the nozzle cap (2). 
Therefore, to improve the air circulation so that the air is spread over the entire nozzle 
cap (2), the gap may be increased or the air may be withdrawn from the upper end. For 
the purpose of spreading the air over the inner and the outer surfaces of the nozzle cap 
(2) and the surface pf the puter cylinder (9) in the torch head assembly (7)» the 
longitudinal grooves (12) are of course preferred because of their greater cooling 
effect. 
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Figure 10 illustrates an attempt to cool the torch tip with a cover (3) attached to a 
conventional torch. Here, small openings (13), longitudinal grooves (10), and notches 
(11) are machined on the nozzle cap (2)," and the cover (3) then is fittted over the nozzle 
cap. Alternatively, if the longitudinal grooves (10) and the notches (1 1) are machined 
on the cover (3), only the small openings (13) is to be machined on the nozzle cap (2). 
The machining is thus simplified and remodeling is readily made. 

(g) Merits of Invention 

As described above, the plasma jet torch allows a long, continuous cutting operation 
because compressed air is used for cooling the nozzle cap so that the elevation of 
temperature is controlled in not only the nozzle cap but also the nozzle itself Thus, 
the service durations of consumable parts such as the nozzle are extended and the 
operating cost is reduced, in addition, since the nozzle burning is almost eliminated, 
the use of a finer nozzle tip, the so-called pencil type, becomes possible and the 
visibility of the cutting point is enhanced for more precise cutting with an improved 
operating efficiency. Also, for example, if a valve is installed on the pipe (8) to 
regulate the air flow, this torch can be used with cutters with various capacities. Such 
is a great advantage of this invention. 

4 Brief Description of Figures 

Figure 1 is an exploded view illustrating one embodiment of the plasma jet torch of the 
present invention; Fig. 2 is a schematic drawing of the longitudinal section of the 
assembled state of the plasma jet torch of Fig. 1 ; Fig. 3 is a broken-out view of the 
nozzle cap; Fig. 4 is a sketch of an alternative embodiment of the nozzle; Fig. 5(a) is a 
longitudinal section illustrating the alternative embodiment of the nozzle and Fig. 5(b) 
is a sketch of an alternative embodiment of the insulator, Kg. 6(a) is a longitudinal 
section of the nozzle and Fig. 6(b) is a longitudinal section of an alternative 
embodiment of the nozzle; Fig. 7 is a sketch illustrating an alternative embodiment of 
the cover; Fig, 8 is a longitudinal section of the torch assembly with an alternative 
electrode mounting; Fig. 9 is a longitudinal section of an alternative embodiment of the 
torch assembly of the present invention; Fig. 10 is a longitudinal section of a 
conventional torch with a cover attached; Fig. 1 1 is a schematic drawing illustrating the 
principle of the plasma jet cutting; and Fig. 12(a) is an exploded view illustrating a 
conventional nozzle and Fig. 12(b) is a top view of its assembled state. 
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